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394a Monday, February 17, 2014estimated by studying the kinetics of molecular motors like helicases under
different thermal conditions [1]. Here, we present some of the technical de-
velopments concerning a temperature-controlled Magnetic Tweezers setup
that allows us to perform single-molecule experiments at temperatures in so-
lution of up to 40 C with a precision of 0.1 C. Using this instrument we
have been able to compare the translocation activity of individual copies
of the bacterial DNA helicase-nuclease complex AddAB [2, 3] - an enzyme
involved in the initial steps of double-stranded DNA break repair by homol-
ogous recombination - at different thermal settings with results obtained from
ensemble measurements. Interestingly, although the two complementary
approaches give rise to a systematic difference between their corresponding
velocities measured at each temperature, they yield almost identical esti-
mates of the kinetic barrier of the translocation process, which turns out to
be on the order of 21 kT and hence similar to activation energies observed
for other translocating proteins. Experiments to address the coupling between
ATP hydrolysis and translocation by AddAB are ongoing and will also be
discussed.
[1] Seidel, R., et al., ‘‘Motor step size and ATP coupling efficiency of the
dsDNA translocase EcoR124I’’. EMBO J, 2008. 27(9): p. 1388-98.
[2] Yeeles, J.T., et al., ‘‘Recombination hotspots and single-stranded DNA
binding proteins couple DNA translocation to DNA unwinding by the AddAB
helicase-nuclease’’. Mol Cell, 2011. 42(6): p. 806-816.
[3] Carrasco, C., et al., ‘‘On the mechanism of recombination hotspot scanning
during double-stranded DNA break resection’’. Proc Natl Acad Sci USA, 2013.
110(28): p. E2562-71.
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Magnetic Tweezers (MT) are a powerful technique to investigate the dynamics
and kinetics of biomechanical processes in-vitro on a single-molecule level. In
certain cases, it is necessary to apply unusually high pulling forces for the
mechanochemical characterization of biomolecule structures and complexes,
such as protein-nucleic acid complexes, DNA and RNA conformational over-
stretching conformation transition phenomena, or the unfolding of polymers
and proteins at high resolution.
To achieve high pulling forces using MT, we have redesigned the anchoring
strategy of biomolecules to the surface and magnetic bead, employing a
bottom-up covalent chemisorption procedure. The development covers several
aspects such as surface passivation to avoid aspecific physisorption, flexible
and interchangeable covalent binding strategies using inert poly(ethylene gly-
col) linkers, and the characterization of chemical stability of tethered dsDNA
sample constructs and overall coating density. Using this novel approach,
dsDNA constructs have reproducibly and reliably withstood pulling forces of
> 140 pN over long observation times.
We have applied our novel anchoring strategy to anchor DNA hairpins contain-
ing a single replication termination (ter) sequence. In E.coli, the DNA binding
protein Tus binds to ter sites and is known to bring approaching replication
forks to a halt by blocking strand separation. Upon opening our DNA hairpin
in the presence of counter-helicase Tus, we mimicked replisome activity, and
strand separation was demonstrably blocked. However, the barrier imposed
was larger than our non-covalent anchoring method could withstand; it was
impossible to ‘break the lock’. Employing our new method, we are able to
apply forces > 140 pN to the Tus:ter complex, allowing us to characterize
the energy landscape of this system.
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The different association states (i.e. bound/unbound, monomer/trimer, etc/)
of a biomolecule are crucial to its function but yet difficult to differentiate at
the single-molecule level. We describe a general approach to probe a single
biomolecule’s association states, and the time-dependent inter-conversion
between these states in solution. Our approach is based on statistical analysis
of molecular motions in an electrokinetic trap. This is possible because mo-
tion parameters (i.e. diffusion coefficient and electrokinetic mobility) are
directly sensitive to intrinsic molecular properties of size and charge, which
are modified as a molecule undergoes a change in association states. To accu-rately estimate single-molecule transport coefficients in solution, we em-
ployed photon-by-photon position tracking and developed an efficient
algorithm based on Bayesian graphical models to analyze the raw tracking
trajectories. As experimental demonstrations, we first used the method to
resolve different populations in a multi-component mixture. Each measured
single molecule, based on its size and charge characteristics reflected by
transport properties, can be classified to a certain population. Differences
as small as between the monomeric and trimeric forms of a fluorescent pro-
tein can be resolved. Second, to highlight the unique capability to probe
time-dependent changes in molecular association states, we studied the hy-
bridization kinetics of a 10-base ssDNA with its complementary partner.
Digital, two-state, anticorrelated fluctuations in the measured diffusion coef-
ficient and electrokinetic mobility were observed that directly sensed single-
molecule binding and unbinding events in real time. We quantified the rates
of the hybridization reaction by hidden Markov analysis of the time-
dependent transport coefficients and investigated the destabilizing effect of
a single-base mismatch.
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Optical trapping is a powerful manipulation and measurement technique widely
employed in biological and materials sciences. Miniaturizing these instruments
onto optofluidic platforms holds promise for high throughput lab-on-chip appli-
cations. However, a persistent challenge with existing optofluidic devices has
been controlled and precise manipulation of trapped particles. Here we report
a new class of on-chip optical trapping devices. Using on-chip optical interfer-
ence functionalities, an array of ultra-stable, three-dimensional optical traps is
formed by the evanescent field at the anti-nodes of a standing-wave in a nano-
photonic waveguide. By employing the thermo-optic effect via integrated elec-
tric microheaters, the traps can be repositioned at high speed (~ 30 kHz) with
nanometer precision. Using this device, we demonstrate trapping, sorting, and
transport of particles, as well as manipulation of individual DNA molecules.
Such a controllable trapping device has the potential for high-throughput pre-
cision measurements on chip.
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The repetitive TG-rich DNA sequence at the chromosome end, telomere, pro-
tects cells from the end-replication problem and abnormal DNA degradation
in eukaryotic cells. The maintenance of telomere length is responsible for aging
as well as cancer cell proliferation. Saccharomyces cerevisiae telomerase (Est2)
is the reverse transcriptase responsible for extending telomeres in yeast. Pif1
helicase has been implicated in regulating the telomerase activity. We used
single-molecule tethered particle motion experiments to directly investigate
how Pif1 helicases regulate telomerase activity. We found that Est2 telomerase
stayed bound to the telomere end after extension, but Pif1 helicases remove telo-
merase from the telomere. In the presence of Pif1 helicases, multiple runs of the
telomerase-mediated telomere lengthening were observed. This suggests a
model that Pif1 helicases remove telomerase from the telomere ends, allowing
the telomerase recycling. We also observed that the ssDNA gap size affects the
telomerase removal efficiency by Pif1 helicases, but not for the helicase un-
winding efficiency. It is likely that efficient removal of telomerase from the telo-
mere end is favored by the presence of multiple encountering of Pif1 helicases.
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The temporal resolution currently achieved to track actively transcribing genes
by means of fluorescence is of the order of 1-10s. We report on the application
of 3D orbital tracking to a previously reported model system allowing to
Monday, February 17, 2014 395asimultaneously label by means of fluorescence the genetic locus and the synthe-
sized mRNA using the EGFP-labeled MS2 coat protein [1]. Our method, pre-
viously applied to the tracking of gene arrays in cultured cells [2], has a
temporal resolution of 10-100ms, and additionally records the 3D position of
the genetic locus by moving along a circular orbit the focused laser beam.
Distinct regions of active transcription display a well defined spatial organiza-
tion, corralling the denser part of the genetic locus. In most cases each region
maintains a defined angle in the reference system of the orbit, and the transcrip-
tional activities of different regions are not cross-correlated.
The fluorescence time traces of each of these regions highlight the existence of
slow (10-100s) transitions between distinct intensity values, corresponding to
the timescale of a single mRNA dwell on the gene or to that of a transcription
burst. We observe autocorrelation of the fluorescence intensity on timescales
smaller than 1s. We relate these fast fluctuations to the faster kinetics of
mRNA transcription, down to individual MS2-EGFP molecules binding to
the newly transcribed mRNAs.
Measurements of the size and shape of the genetic array by calculating the
modulation of the first and second harmonic of the fluorescence along each
orbit suggest that the gene’s decondensation is not a necessary condition for
transcription to occur.
Work supported in part by NIH grants P50 GM076516 and P41 GM103540.
[1] S. M. Janicki et al, Cell, 116, 683-698(2004).
[2] V. Levi et al, Biophys. J., 89, 4275-4285(2005)
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Using a novel nanofluidic device, we recently showed [1] how to obtain a
bird’s-eye view of genomic structure at ~1kb resolution from a single DNA
molecule and used it to discover novel structural variation in an individual’s
genome that is too large to be easily identified by current DNA sequencing
methods - but too small to be identified by conventional microscopy of chromo-
somes [2].
These results highlight the role ancillary technologies (micro-/nano-fluidics)
play in the application of ultrasensitive optical detectionsingle-molecule spec-
troscopy. Generating high-resolution images of DNA features requires that the
molecules are stretched; in fluidic systems for high-throughput analysis of
ultra-long DNA molecules (>106 bp), stretching has been limited to ~50%
[3]. We achieve ~98% DNA stretching by combining two mechanisms:
confinement in a nanoslit and hydrodynamic drag.
Crucially, this stretching totally suppressed longitudinal Brownian motion,
enabling mapping of single
molecules with maximal res-
olution: across overlapping
fields-of-view, images can
be perfectly merged without
any rescaling, correction for
drift, or morphing.
[1] Marie, R. et al. PNAS,
110, 4893-4898 (2013).
[2] Kidd, J. M., et al. Nature,
453, 56-64 (2008).
[3] Reisner, W. et al. PNAS,
107, 13294-9 (2010).1994-Pos Board B724
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Expression of genes in organisms is controlled through a number of mecha-
nisms including epigenetic factors such as DNA-binding protein which cover
cellular DNA at all times. Detection of these DNA bound protein is a chal-
lenge. Here we demonstrate, for the first time, that single DNA-bound
proteins can be detected at the single-molecule level using solid-state nano-
pores. We show measurements that resolve single antibodies attached to
DNA. We build on earlier work that demonstrated detection of small protein
patches and show that single protein can be detected by increasing the
measurement bandwidth while maintaining a good signal-to-noise ratio and
addressing the stability of the DNA-protein complex in the high salt condi-tions required for measurement. We present experimental measurements car-
ried out on several protein systems, discuss the current capabilities of this
approach, and highlight several applications requiring single protein detection
which are now feasible.
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Significant advances in nanoimaging have been made by development of
aperture-less tip enhanced fluorescent microscopy, in which so called near field
effect enhances the absorption and emission rates and allows overcoming the
diffraction limit. Tip Enhanced Fluorescent Spectroscopy (TEFS) involves a
combination of classical scanning tunneling microscope (STM) with optical
confocal microscope where incident light is focused on the tip of metal probe
enhancing electromagnetic field nearby.
We applied TEFS technique for investigation of DNA-stabilized fluorescent Ag
nanoclusters. DNA-stabilized Ag nanoclusters make up a class of water-soluble
fluorophores consisted of 1-10 silver atoms. They exhibit high chemical stabil-
ity, good biocompatibility and high absorbance and quantum yield. An assem-
bled structure of compact globule with silver clusters inside was obtained using
calf thymus DNA condensed by synthetic polycation (poly)allylamine.
Compact fluorescent globules 100 nm in size containing 1-2 silver clusters
were visualized by TEFS technique. Fourfold enhanced fluorescent signal
was obtained and fluorescent spectra of single clusters were registered. Such
Ag-DNA-polymer assembled structure seems to be promising in creation high-
ly stable and bright nanoparticles containing multiple emitters therein. TEFS
technique thus appears to be a powerful approach for single molecule spectros-
copy and superresolution bioimaging.
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The primary goal of optical microscopy is to visualise and thereby understand
microscopic structure and dynamics. Dramatic developments over the past de-
cades have enabled routine studies down to the single molecule level and struc-
tural observations far beyond the limits defined by the diffraction limit through
the use of fluorescence as a contrast mechanism. Despite its many advantages,
one of the fundamental limitations of fluorescence detection is the frequency
with which photons can be emitted and thus detected. As a consequence,
although images and even movies of single molecules have become common-
place, imaging speed remains limited to few to tens of frames per second by the
quantum nature of single emitters. The result is a considerable gap between the
rate at which dynamics can be recorded and the underlying speed of motion on
the nanoscale.
Here, we introduce an alternative approach to optical microscopy that relies on
the ultra-efficient detection of light scattering, rather than fluorescence, called
interferometric scattering microscopy (iSCAT). We show that iSCAT is
capable of following the motion of nanoscopic labels comparable in size to
semiconductor quantum dots with nm accuracy down to the microsecond
regime, the relevant timescale for a majority of nanoscopic dynamics. Thereby,
we are able to address a surprising variety of fundamental questions in molec-
ular biophysics ranging from the mechanical properties of DNA, the mecha-
nism of molecular motor processivity and anomalous diffusion in bilayer
membranes and its possible origins. We also demonstrate the potential of iS-
CAT for label-free, all-optical biosensing and imaging at the single protein
level.
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We use an optical tweezers platform to study the folding and unfolding
pathway of individual molecules containing single-stranded DNA human telo-
meric G-quadruplex (G4) sequence, (TTAGGG)4. In the presence of 150 mM
Naþ solution, these DNA molecules are folded into G-quadruplex structure
based on the Hoogsteen basepairing. When forces were applied to unfold the
G4-containing DNA molecules, most of the unfolding traces show one or
